This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
me original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES . 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



W092/M278 



PCT/OMI/OISW 





W 

M 

lis* 

i 



10 

11 

12 
13 
14 

18 

I? 
18 

1* 

ao 
ai 

22 
23 
24 
28 



— — — 7Z^TtT^^> f and appTatu. for 
£tn^ - - 0U 

po.iibl. .bout ^ ^^ulnf option li ©btiln.d 
tht bait of »n oil mil. w» t w , u 

by . vtrloty of ..n«t. loo.t.d at ^. > 

In --r^ w.U u.ln, 

drilling wh.n ^^^^ *.u. During 

to g.n.r.t. th. .iff* >oure . U not 

mil t..tln, and *«^*ZJZ ln..rf* In th. 
tv .iUbl. «d a valv. or plug ^ flttla p .th 
W .U roultlng in ^ th. b... of th. 
through cntr. of th. ttam 
w«ll to th. .urf.c. 



ahut-ln tasting where a ahut-in valva la inoludad in 
tha wall, a teat generally oonaiata f fl wing th 
wall, thua drawing down tha wall pr aaurti, and than 
auddanly stopping tha flaw by closing tha ahut-in 
valva. Information rogarding tha potential off tha 
reservoir oan be derived from anamination of tha 
anauing praaaura rice/time characteriatie, requiring a 
praaaura gauga beneath tha valva. Tha ahut-in la beat 
dona down-hole rathar than at tha eurfaoe, to avoid 
wall-bora storage affaota which ara difficult to 
compensate for* 

lt^ajoaaibla_jtoLJidipt valves to produoa a hydraulic 
orele ctrioal pa th through rthTlrilvT^alinabTa tha" 
transmission of signals "from a sensor below the valva 
to a racaiver above the valva. Tha path through tha 
valva terminates in a connactor which ia auitabla for 
18 oonr.aotion to tha receiver, tha raoaivar in turn being 
oonneoted via a eabla to tha aurfaoa of tha wall. 
However, thia aystera ia extremely difficult to operate 
as tha snail connector on tha aurfaoa of the valve is 
extremely difficult tc contact with tha raoaivar and a 
eonaidarabla length of time ia taken to make a auitabla 
connection. 

Accordingly, the present invention provides a method of 
transmitting data in a borehole, tha method compriaing 
providing an electric signal rapraaantativa of tha data 
to be transmitted, converting aaid electric signal into 
a aonio aignal, propagating aaid aonic aignal along an 
elongate member, and processing tha aonio aignal for 
onward tranamiaaion. 

The processing of tn« aonio aianal may for example be 
at the surface, or it may be downhola by retransmission 
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1 r it say ba by alactr nlo data atoraga f r latar ; ; 

2 pick-up. 

4 In another aapeot, tha Invention providae apparatus for 

B transmitting data in a borehole, tha apparatua 

6 eonprialng a transmitter and a reoeiver; tha 

7 transmitter including aeana for converting data 

8 parameters into an electric aignal and f irat tranaduear 

9 aaana raaponaiva to aaid electric aignal to generate an 

10 aoouetic aignal, the first tranaduear naana baing 

11 adaptad for phyaioal coupling to an olongata nanbor 

12 extending along tha borehole whartby tha aooustio 

13 aignal ia propagated in aaid elongate naabar; tha 

14 raoaivar eonprialng aaoond tranaduear naana adaptad for 

15 phyaieal coupling to aaid alongata naabar to produea an 

16 electrical output corresponding to aaid aeouatio 

17 aignal, and aignal processing aaana oonnaetad to 

18 racaiva slid output and oparativa to process tha data 

19 into a condition for onward transmission. 
20 

21 An embodiment of tha invention will now ba described, 

22 by way of example only, wit* reference to tha drawings, 

23 in whiehi 
24 

25 rig. 1 ia a sui.^a-tic croes-sactional side 

26 viaw of apparatus in aeeordanoa with tha 

27 invantion in uaa in a well; 

28 Fig. 2 is a block diagram of a transmitter 

29 forming part of Fig. 1; 

30 Fig. 3 ia a block diagram of a receiver 

31 forming part of Fig. 1; and 

32 Fig. 4 ia a block diagram of an alternative 

33 form of receiver. ... 

34 .' 

35 Referring to Fig. 1, a drill stem i ia sealed to a wall 
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1 bora 23 by a packer 2, leaving an annulue 3 t euntaln • 

2 mud and vail o ntrol fluid. Any pr duoti n flu Ida will 

3 paaa up tha centre f tha drill wtem 1 via a ahut-in ;| 

4 valve 4. Tha priaent embodinent utiliaaa tha invent! li 
B to paaa data relating to tha fluid praaaura in tha j 

6 drill eten bore 24 below tha ahut-ln valva 4 to a 

7 location abova it. 

9 A trananittar deeignatad generally at 6 ia poaitioned j 

10 in an external reoeea 23 of tha drill atam 1. Tha 

11 trananittar 6 ia powered by a battery 7 and inoludoe a ■ 

12 praaaura tranaducer 9 communicating with a lower bora ' 

13 34 via a port 8. The analog praaaura oignal generated j 

14 by tha tranaduoar, 9 paaaaa to an electronic* nodule 10 j 
19 in whioh it ia digitiead and aerially encoded for 

16 trananieaion by a oarriar frequency, euitably of 2-10 

17 kHi. Tha reeuiting burate of oarriar are applied to a- 

15 magnatoatrietiva tranaduoar 11 conprieing a ooil formed 

19 around a core whoee enda ara rigidly fixed to the drill 

20 atam 1 at axially apaeed looationa. The digitally 

21 coded data ia thua traneforned into a longitudinal 

22 aonio wave in the drill atam 1. 

24\A receiver generally designated at 12 la houeed in an 

2b axtarnaTT accse ' t^>f the drill etan 1 at a location ; 

26 above the ehut-in valva 4. The receiver 13 eonpriaaa i 

27 filter 13 and tranaduoar 14 connected to an aleetronica 
29 nodule IS powered by a battery 17. 

29 . 

30 The output of the aleetronica nodule 15 drivea a eignal 

31 ooil 16. .: j 

32 :.i 

33 The filter 13 ia a naehanieal band-paee filter tuned to 

34 the data oaiUer frequency, and aervaa to ranove aome j 
39 of the acoustic noiaa in the urin iUu .1 whiwh could J 
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1 tharwiaa iHinp tha alaotr niea. Tha tranaduoar 14 la 

2 a plat alactrio alanant. Tha f iltar 13 and tranaduoar 

3 14 ara b ehanioally oouplad in aariaa, and tha 

4 eonbination la rigidly aountad at ita anda to tha drill 
9 a tan 1, alignad with tha longitudinal axia of tha 

6 lattar. Thus, tha tranaduoar 14 providaa an alaotr ioal 

7 output rapraaantatlva of tha aonio datn aignal. 
I 

9 A prafarrad nathod of ratriavln? tha data la to atora 

10 it in Bonory in tha alaotronioa aodula 15, for 

11 ratrioval at a convariiant tina by a pick-up tool 3. 

12 Thia avoida tha problama inharant in providing a 

13 raal-tina data path along tha whola langth of tha wall. 

14 Tha pick-up tool 5 la lowarad on a oabla or wiralina 22 

15 to locata in a nippla 18 which eauaaa tha aignal in tha 

16 racaivar 16 to ba alignad with a ooil 19 in tha pick-up 

17 tool 9, Tha eolla 16 and 19 ara than induetivaly 
II oouplad, allowing tha data to ba tranafarrad to tha 
19 piok-up tool 5 aarially on a auitabla oarriar wava to 
30 tha pick-up tool B. 

21 

22 Tha piok-up tool S inolui ia an alaotronioa paokaga 20 

23 whieh la arrangad to aand a tranaait command to tha 

24 racaivar 12 whan tha tool 5 ia aaatad on tha nippla 18. 

25 Tha alaotronioa paokaga 20 may ba arrangad to uvuoda 

26 and atora tha data if tha" tool ia on wiralina, or to 

27 ra-tranamit tha data if tha tool ia on oabla. In tha 

28 lattar oaaa, powar say ba auppliad to tha tool via tha 

29 oabla t otharwiaa, powar ia darivad from an intarnal 

30 battary 21* 
31 

32 Rafarnrg now to rig. 2, tha trananittar alaotronioa 

33 aodula 10 in tha praaant ambodinant oompriaaa a aignal 

34 conditioning circuit 30, • digitiaing and aneodlng 
38 circuit 31, and a currant drivar 32. Tha datalla of 
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1 thai* oircuita do not form part £ tho praaent 

2 inventi n, and auitabl oircuitry will be readily 

3 apparent t thoaa akilled In tha art. Tha tranaduoar ; 

4 11 haa a ooil 33 connoctad to tha eurrant drivar 32 and 
B f oread round a eora aeheaatieally indioatad at 34 . • 

6 Suitably, tha eora la a laminated rod of nlekal of 

' 7 about 25 am dlaneter. Tha length of tha rod la ohoaen 

8 to auit tha daairad tonic f raquanoy which' ia auitably 

9 in tha ranga 100 Hs to lOkHs, preferably 2-6 kHa. 
10 

11 In tho receiver, aa aeon in Fig* 3, tha eloatroniea 

12 module IB eoaprieea in aarlaa aa paeaiva band-paaa 

13 filter 35, an aotiva band-paaa* filtar 36, and a 

14 phaaa-lookad loop 37 eupplying olaan data eigne la to a 
13 decoder 38. Tha decoded data ia atorad in aeaory 39. 

16 Whan a pick-up tool. 5 iu poaitioned and activated, 

17 earriar f raquanoy lnduead in tha aignal ooil 16 ia 

18 dataetad at 40 to enable control logio 41 to read data 

19 fron aaaory 39 for tranaaiaaion via ancodar 42, currant 

20 drivar 43, and tha aignal coil 16. 
21 

22 Tha alternative reoeive; ahown in Fig. 4 uaaa a eimilar 

23 mechanical filter 13, traneducer 14, and electronic* 

24 flltora 38 and 36. In thia oaee, hovavar,' tha filtered 
28 data aignal ia not atorad but ia uaad to oonUol a 

26 eurrant drivar 44 driving a aagnetootriotive tranaduoar 

27 45 for aonic re-tranamiaeion furthar along the drill . 

28 a tan. 
29 

30 Thua, tha invention enablea data to be tranef erred by 

31 aonie tranaaieaion paat a valve or the like and than 

32 further handled by (a) atorage in aeaory for later 

33 retrieval, (b) real-time tranaaiaaion eleotrically by 

34 . cable, or (c) ooiio i«"Uumjuioaion, 
38 Vr :" 
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1 Modifications may be made within the seope f the 

2 invent! n. P r example, the transmitter tranadue r uy 

3 impart a t r»i nal, rather than a 1 ngitudinal, s nib 

4 vibration to the drill a ten. Transduoero of other thin 
0 magneto* triotiva typa may be ueed, eueh ae 

6 piesoeleotrio oryatala or polymera. 
7 

8 Although described with particular reference to shut-in 

9 testing in producing walls, the invention may be 

10 applied to any eituation where a borehole is 

11 obstructed. The medium for sonic transmission need not 

12 be a drill stem but could, for instance, be casing or 

13 other tubular. - • 
14 
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